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latter, it seems that the new process is destined in 
time entirely to supersede the older one. 

One of the most important features of the process 
is the utilization of the sawdust after leaving the ex
haustion battery. While passing through the various 
stages of the process it contracts in volume from 25 to 
33 per cent, while volume for volume its fuel value is 
apparently unchanged. As a matter of fact, apart from 
the cellulose which is removed, no other component 
having a fuel value has been taken out. If it is de
sired to use the sawdust as a fuel, it can accordingly 
be turned back to the mill and burned under the boil
ers after treatment, thus retaining the original inten
tion. The residue, however, retains unchanged and 
practically undiminished in quantity such components 
as make it available for dry distillation. The treat· 
ment by heat and acid has left it dead and without 
apparent elasticity. It can consequently be pressed 
into briquettes without the use of a binder, and this 
in itself is an exceedingly valuable property. 

LIQUID VERSUS COAL FUEL. 
By W. N. BEST. 

IN order to compare the practical values of oil and 
coal as fuel, it is merely necessary to inspect two 
plants, each of which uses ont:: of these fuels exclusive
ly. In a steel manufactory employing coal for heating 
purposes we find in the blacksmith's shop great quan
tities of smoke and gases from the forges and furnaces, 
as well as incumbering bins which contain the coal. 
For a certain part of the time the workmen are con
stantly waiting for the iron to be heated in the forges, 
and the steam hammer is idle for the same reason. 
At last a heated shaft is brought out and is hammered 
into form. But it is noticeable that the metal seems 
hard and does not respond to blows as it should. The 
reason for this is the unequal heating due to the coal 
or coke which gives an abrasive heat with the interior 
at a lower temperature than the exterior of the metal. 
After the shaft is hammered for a time, it is returned 
to the forge and time is again lost in going through 
the usual process of banking the fire, coaling, blowing, 
etc. In using coal for welding, we find that this fuel 
usually causes corrosion between the two pieces of 
metal, and that consequently, the welds are often 
faulty. Thus, a weld is apparently perfect in many 
cases, while, as a matter of fact, the exterior portions 
alone are welded, while the interior shows decided 
evidences of corrosion. 

In furnaces used in making bolts, smoke is again 
prominently in evidence. The output is also limited 
and frequently the furnace is unable to heat sufficient 
iron for more than fifty per cent of the capacity of 
the bolt and rivet machines. The iron, too, is usually 
covered with scale. In welding new ends upon boiler 
flues the same difficulties are encountered in using coal 
for heating as with ordinary welds. The usual num
ber which can be welded per hour is sixteen, and each 
of these must be carefully tested for evidences of cor
rosioll. before being put into the locomotive. 

In the scrap iron furnaces the same difficulties are 
encountered, and a fireman is constantly employed in 
supplying the furnace with coal and removing the 
clinkers. Many axles from the furnace are found 
useless because of imperfect welds. The iron, too, 
absorbs a certain portion of the carbon from the coal. 

In the boiler room the heat from the coal fires is 
usually intense, nor can this be decreased by employ
ing bituminous coal, as the city ordinances forbid its 
use. The coal is buckwheat mixed with bituminous 
and gives rise to quantities of dust and dirt. Great 

with its encumbering piles of coal ready to be fired. 
In a similar plant in which liquid fuel is used ex

clusively we find the conditions quite different. The 
elimination of smoke and gases is complete, and con
sequently everythIng is far cleaner and brighter in 
appearance. In the blacksmith's shop there is no 

CHIMNEYS OF OIL-BURNING 

PLANT. 

waiting for metal to heat, notwithstanding that the 
capacity of the machinery is exactly the same as in 
the other plan. The metal is heated quite uniformly 
throughout, as it appears that oil fuel is much more 
penetrating in heat effect than coal or coke. There is 
no damaging effect upon the metal; in fact, it appears 
that the latter is much more homogeneous than when 
heated with coal fuel. The burner spreads a fan
shaped flame over the entire width' of the furnace, giv
ing a much more equable heating. The welds are 
excellent, exteriorly and interiorly, as it appears that 
there is no corrosion with oil fuel. The furnaces for 
the bolt and rivet machines are heated by liquid fuel, 
and the machines are running at full capacity, giving 
a perfect output. The flue-welding furnace has the 
same advantages when heated with oil fuel; near it 
is a flue-welding machine turning out welded flues at 
the rate of sixty in sixty minutes. The flue-welds are 
considered so perfect that it is not necessary to test 
them before placing the tubes in the locomotive. 

An axle furnace equipped with a modern hydrocar
bon burner usually involves different principles than 
a coal furnace, and it is of different form, with a new 
type of arch. The monoxide combines with the neces
sary oxygen to change it to a dioxide before reaching 
the charging space of the furnace. There is no bridge 
wall, yet the radiation is perfect. It is astonishing to 
find that there is no chimney upon any of the fur
naces, as the combustion is so perfect that all the 
heat units can be utilized within the furnace. The 

boiler shops or similar institutions, liquid fuel is far 
more convenient than other fuel and gives the highest 
possible efficiency. It is said that rivets heated in oil 
furnaces show greater tensile s1Pength and increased 
homogeneity over those not so treated. 

The cleanliness and roominess of a boiler depart-

CHIMNEY OF FACTORY USING 

COAL. 

ment in which liquid fuel is used are in remarkable 
contrast to the drt and crowded appearance of a coal
burning boiler room. A battery of sixteen oil-burning 
burners requires but two firemen and one water-tender. 
The temperature also is decidedly lower. Everything 
can be kept scrupulously clean and usually is in that 
condition. Certain of the boilers use crude oil, some 
use residuum oil (fuel oil), while others burn tar. But 
one burner is used to a boiler and on examining the 
stack we find no smoke being emitted therefrom. If 
the firebox is examined, the combustion will be found 
to be perfect. In using fuel oil the first cost of the in
stallation sometimes appears excessive, yet when all 
the subsequent factors are considered it is preferable 
to using coal with its additional cost of handling the 
fuel and ashes, the employment of extra firemen and 
the poorer results obtained than with oil. With liquid 
fuel it is possible to maintain the boiler pressure al
most exactly at the desired point, the liquid fuel be
ing more sensitive and prompt to respond than coal. 

In an oil-11urning locomotive there is no smoke, no 
disagreeable odor from the consumed gases, and there 
are absolutely no cinders. In the tender the coal space 
is taken up by an iron tank which contains the liquid 
fuel. There is but one burner under the boiler, and 
the supply is regulated by a simple little quadrant and 
handle. There are no sparks and the fire losses along 
the line of the road are cut to a minimum. No sparks 
from the ash pan can set fire to the ties or bridges, and 
it is easy to maintain the pressure 5 pounds below the 

BOILER ROOM USING LIQUID FUEL. BOILER ROOM IN WHICH COAL IS llIJRNEl>. 

piles of coal lie upon the floor of the room, and a 
constant procession of firemen from the coal bins to 
the boilers is necessary to keep up the supply of fuel. 
An elaborate system for the removal of ashes, too, is 
necessary. One of the accompanying illustrations 
shows a bituminous coal-burning plant with quantities 
of black smoke arising from the stack. A second pho
tograph illustrates the interior of the boiler room 

OIL VERSUS COAL AS FUEL. 

burner, too, is practically automatic and requires very 
little attention. It is claimed that in using the oil 
furnace there are fifty per cent less flaws than in 
using other fuels. It has been proved that it is 
cheaper to use liquid fuel than that supplied by a gas
producer, because of the elimination of the cost of 
labor and of the handling of the coal, and also by rea
son of the increased output. For rivet heating in 
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popping point. As the burner requires very little at
tention, the fireman has an opportunity to watch the 
signals and thereby double the protection to the lives 
of the passengers behind the engine. No cars are 
required to handle ashes and the care of the locomo
tive is greatly facilitated because there are no fires to 
clean. 

Crude oil, like coal, varies in calorific value. The 
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following are the calorific values of various fuels, by 
means of which they may be compared. 

California crude oil varies from 18,462 to 20,680 B. 
T.U:s per pound, the average weight of which is 7.6 
pennds per gallon. 

The Beaumont Texas oil averages 19,060 B.T.U.'s per 
l"oUlHl, and weighs about 7% pounds per gallon. For
ty·two gallons of crude oil, United States measure, 
equals one barrel. 

Some Russia oils contain on an average 22,027 B.T. 
U.'s per pound. 

Tar from coke ovens contains 16,263 B.T.U.'s per 
pound. 

Tar from oil water averages 1G,979 B.T.l::s vel' 
pound, and varies in weight from 9 pounds to 10.29 
pounds per gallon. 

Fuel oil (or the residuum from oil refineries) varies 
from 18,350 to 19,342 B.T.U.'s per pound and averages 
7.2 pounds per gallon in weight. Fifty gallons of fuel 
oil is considered one barrel. 

Gasoline contains 14,200 B.T.U.'s per pound, weight 
5.9 pounds per gallon. The evaporation of this fuel 
is very great unless confined. 

Coke varies from 12,645 to 13,500 B.T. U.'s per pound. 
Coal gas varies in its calorific value from 552 to 567 

B. T. U.'s per cubic foot. 
Calorific value of wood compared with liquid fuel 

is as follows: 4,500 pounds of hickory equals 738 
pounds crude oil; 3,250 pounds of beech or oak equals 
(;10 pounds crude oil; 2,350 pounds of poplar, chestnut, 
or elm equals 483 pounds crude oil. 

Bituminous coal contains from 11,963 to 15,622 B.T. 
U.'s per pound; a general average of coal in the United 
States can be placed at 13,180 B.T.U.'s per pound. 

[Concluded from SUPPLEMENT No. 1::91. page '25495.) 

INFLUENCE OF LIGHT AND HEAT ON 
GERMINA TION.-II." 

By Cu;n;LAxn AnilE. 

AF'I'I-:11 this preliminary historical survey, Pauchon 
I'GllIllIunicates the results of his own experiments as 
to the influence of light on germination on the fol
lowing twenty-two species of plants: 

Crudferre: 
Brassica napus. 
Iberis amara. 
Lepidium sativum. 
Sinapis allJa. 
Raphanus sativus. 

Ranunculac€re : 
Delphinium Consolida. 
Nigella sativa. 

Leguminosere: 
Arachis hypogrea. 
Dolichos lablab. 

Rubiacere: 
Coffea arabica val'. Rio. 
Spilanthes fusea. 
Helianthus annuus. 
Carthamus tinctorius. 

Malvacere: 
CucurlJitacere: 

CucurlJita melo val'. 
Hibiscus esculent us. 

me- Polygonacere: 
Ion vert. Fagopyrum esculentum. 

Papaveracere : Linacere: 
Papaver somniferum. Linum usitatissimum. 

Euphorbiacea>: Bignoniacere or Pedaliacere: 
RicInus communis. Sesamum orientale. 

Graminere: Liliacere: 
Zea mays. Pancratium maritimum. 

After deducting doubtful results or failures Pau
chon gives the following conclusions (see p. 131 of his 
work above quoted): 

(1) In 22 experiments germination occurred first in 
the light; in 26 experiments it occurred first in the 
dark. 

(2) Five times we obtained duplicate results favor
able to the light for the same species of plants (Ara

chis, Zea rTwys, Dolichos, Sinapis, and Linum). Eight 
times these duplicate results were favorable to speci
mens kept in the dark (Helianthus, Delphinium, Pan

cratium, Ricinus, and Papaver). In one case (Linum) 

two results were obtained favoring light and two favor
ing darkness. 

(3) Among the 22 species of plants used in the ex
periments, 14 gave mixed results equally favorable 
whether placed in the light or the dark. 

(4) Among the eight other varieties only one gave 
negative results (Coffea); three gave results favorable 
to light (Cucurbita, Spilanthes, and Ca11thamus); four 
gave results favorable to darkness (Delphinium, Pan

cratium, Lepidium, and Nigella). 

I t appeared to Pauchon impossible to draw any con
clusion whatever from these facts. Should we be as
tonished at this? The problem is certainly much more 
complex than appears at first sight. There is every 
reason to suppose, for example, that the action of light 
is not the same under all the conditions of temperature 
which obtained during these experiments. Here again, 
however, we are confronted by the unknown; because, 
in order to draw from these researches the conse
quences which might flow from them it would be neces
sary to know precisely the thermic conditions favor
able to the germination of each species. Unfortunately 
this is a very important gap to be still filled up, as the 
work accom]Jlished in this direction gives only ap
proximate results limited to a very small number of 
different kinds of seeds. On the other hand, looking to 
facts of another order, mentioned further on in this 
work, we think thllt we may be allowed to suppose 
that the influence of light can only be favorable t� 
germination when i t  acts a t temperatures below that 
which is most favorable to germination. A consider
able number of observations already cited would seem 
to be in accord with this view of the subject. But 
l1nfortunately the many contradictions that we ob-

• Abstracted from Bulletin 36 of the lJmted States Department of 
Agwiculture. 

served in our results do not allow us to accept this 
opinion as based upon a solid foundation_ 

Pauchon then goes on as follows: 
"Another reason, however, induces me' to admit, 

only with many reserves, the resuits of experiments 
whose critical epoch is the visible development of the 
embryo_ A method based on this special observa
tion does not appear to me capable of furnishing a 
really scientific basis for the determination of the 
question before us. The process of germination is not, 
in reality, as simple a phenomenon as the greater 
number of botanists, perhaps too easily, take for 
granted. Its complexity is even so great that one can 
not judge of the actual development of the germ of the 
plant and of the degree of its physiological activity by 
the external characters observable by the eye, such as 
the bursting of the sperm odeI'm and the more or less 
rapid protrusion of the radicle. I do not hesitate to 
say, according to observations frequently repeated, that 
this is an empirical process and entirely deceptive in 
the particular case that we are dealing with. Although 
it may be capable of furnishing valuable results when 
we wish to judge of the influence of some one of the 
fundamental conditions of germination, it becomes ut
terly insufficient when it is a questien of observing 
the more delicate and fugitive influences, such as that 
of light. I have, in fact, in the course of chemical 
researches, given in the next chapter, demonstrated 
that for the same age of apparent development the 
absorption of oxygen by the seeds in the process of 
germination varies to a large extent with the temper
ature, and has no relation to the external growth of 
the embryo. It is, however, not surprising that the 
development of the embryo continues in the interior of 
the seed for a much longer time in one seed than in 
another of identical appearance; the unknown and 
variable relation between the reserved nutrition and 
the rudimentary vegetable is probably the explana
tion of these hitherto unexplained peculiarities. 

"Although the researches given in this cilnpter do 
not give any positive result on the subject of my work, 
I ha.ve preserved them and publish them here in order 
to explain to observers the defects of an experimental 
process to which, in the future, they would themselves 
have been tempted to resort; this moreover, seems to 
me the more useful in that up to this time this danger 
does not seem to have struck the attention of botanists. 
On the other hand, my observations contain some new 
data relative to the temperatures favorable for the 
germination of certain exotic seeds_ 

"In consequence of the conclusions to which we have 
thus been led, it would be useless to study the action 
of the different portions of the solar spectrum on the 
apparent progress of germination. -How, in fact, can 
we suppose, in view of the contradictory results al
ready obtained for the condition of light and of dark
ness-that is to say, for the most extreme conditions
that the employment of the same method can reveal a 
difference of action for the various portions of the 
spectrum? 

"Is it then necessary, after this first fruitless at
tempt, to give up the solution of the problem, or shall 
we seek it by another and better method? It is this 
latter alternative that I have adopted in that I have 
taken for the basis of a new series of observations the 
variations of a physiological process that, in an al
most mathematical manner, measures the germinal ac
tivity of the vegetable embryo, namely, the respiration." 

After giving the details of his experiments on res
piration of plants, Pauchon draws the following con
clusions (p. 166): 

"The laws brought prominently forward by the re
sults of these experiments are: 

"( 1) Light exercises a constant and more or less 
. marked accelerating influence upon the absorption of 
oxygen by seeds in the process of germination. All the 
experiments made iu a strong light have not, however, 
the same value in demonstrating this fact. But if we 
have doubts about the precision of the results fur
nished by experiments in which germination did not 
invariably take place (and we believe that we have 
shown by some preparatory experiments that these re
sults have at least a relative value), this certainly is 
not the case with experiments Nos. 2 and 8, in which 
all the seeds did germinate. Thus experiment No_ 2 
showed in favor of light a result as to the oxygen ab
sorbed twice as great as that given by the seeds placed 
in the dark. In the same way in experiment No.8 thIs 
superiority reaches to one-third of the quantity of oxy
gen absorbed by the seeds placed in the dark. Finally, 
the other experiments, and particularly those classed 
under Nos. 3, 6, and 7, further confirm the generality 
of this action of light, which we will, besides, find again 
in a second series of experiments reported hereafter, 
several of which have shown unanimity of germination 
in both cases. 

"(2) There exists a relation between the degree of 
light and the quantity of oxygen absorbed. Thus, in 
a diffuse light this accelerating influence shows itself 
in a most marked manner when the sky is very clear, 
and the solar radiation reaches us in its greatest in
tensity. Such was the case in experiments Nos. 2 and 
8. Whenever the sky is cloudy this action is more and 
more weakened and ceases altogether when the sun is 
completely veiled, as in stormy weather, so that there 
is a semi-obscurity. 

"However, in all the experiments where the final re
sult has been favorable to the action of light I have 
convinced myself that a cloudy sky for twelve hours 
always showed itself in the amount of the absorption 
of oxygen in such a manner that the examination of 
these figures, noted day by day, would almost serve to 
show the state of the atmosphere during the day which 
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preceded the observation. A very conclusive instance 
of this action is given us by experiment No. 4 of the 
second series, in which the state of the sky being care
fully observed it showed very marked changes. 

"(3) The accelerating influence exercised upon seeds 
exposed to the action of light during the day did not 
stop at night; it continued to act in the dark wah an 
equal, sometimes even with a greater intensity. I 
will cite as examples experiments Nos. 3, 4, 6, 7, and 
8, when observations made twice a day, morning and 
evening, allowed of examining the fact I sta.te. How 
can we explain this persistent action of light? One 
hypothesis only can be admitted. A portion of the 
action of the light absorbed by the grain during the 
day is stored up by it and used by it at night to accel
erate its respiration. The proof of this is that the dif
ferences of elevation [or quantities of absorbed oxygen] 
shown in the morning by the instruments for seeds kept 
in the dark are always below those shown by the in
struments and plants in the light. The influence of 
the light, then, continues for a certain time, at least 
several hours, even after the light itself has ceased to 
act; on the other hand, however, this action is not 
exerted immediately. There is one other phenomenon 
that we have demonstrated by our experiinents. Sup
pose the sky to be very clear; the differences in favor 
of light are only apparent after two or three days and 
become much more marked toward the end of the ex
periment; that is to say, 'in proportion as the daily ac
tion of sunlight is more and more frequently repeated. 

"( 4) I should also call attention to still another pe
culiarity, viz., that the differences in the quantities of 
oxygen absorbed in the dark and in the light were gen
erally much greater at the beginning of these re
searches than in the later experiments, and particu
larly in those of the second series. The temperature 
alllJears to me to be the only element that varied in 
these experiments. There must therefore be a more in· 
tense respiratory action exercised by light at low tem
peratures, and this influence would become weakened 
at high temperatures. This fact would be in entire 
agreement with the demands of physiology. It is easy 
of comprehension that a scarcity of heat should be coun
terbalanced by the action of light, which furnishes for 
the reaction of the respiratory organs the force that 
they could not obtain from an insufficient temperature. 
On the contrary, when the heat is intense the interven
tion of the light is no longer necessary, the first cause 
being sufficient to excite the process of germination in 
the protoplasm of the seeds. 

"( 5) This action of light seems to differ a little ac
cording as it acts upon seeds containing albumen or 
those without albumen. In the case of the albuminous 
seeds of the castor-oil plant the advantage was much 
more apparent in favor of those exposed to the light, 
which advantage appeared to me much less decided 
for the seeds without albumen, such as the haricot 
bean. Nevertheless, as the experiments were not in
variable in their results, the cause of the variations 
observed can 31so be accounted for by attributing them 
to certain differences in the atmospheric conditions. 

"(6) The more considerable absorption of oxygen 
by seeds under the influence of light explains the fact 
that asparagine (the medium for the conveyam'e of the 
reserved albuminous SUbstances in the germination of 
leguminous plants) only disappears in plants exposed 
to the light and continues present \ in those raised in 
the dark. The comparative researches of Pfeffer (1872) 
upon the chemical composition of asparagine and other 
substances showed that asparagine is poorer in car
bon and in hydrogen and richer in oxygen than legu
mine and other albuminoids. The transformation of 
legumine into asparagine is 'accompanied by the ab
sorption of a certain quantity of oxygen. On the other 
hand, it is effected only by the influence of light; the 
reason being that light increases the quantity of oxygen 
absorbed, and therefore exerts only an indirect influ
ence on this change, as had already been surmised even 
when we were not acquainted with the reasons. 

"( 7) Other new and important conclusions become 
apparent from these experiments and those which fol
low, and although they have no direct connection with 
the subject of my work I think it will be well to 
designate them briefly. 

"The quantity of oxygen absorbed in a certain space 
of time by a seed in process of germination varies very 
considerably according to the temperature; it increases 
with it, as has been already proved in treating of the 
respiration of plants in the dark. The general results 
of my experiments, and particularly of Nos. 9 and 10, 
leave no doubt of this fact. We can therefore easily 
understand what errors have been committed by those 
experimentalists who have given calculations of this 
absorption of oxygen by certain seeds without taking 
into consideration the conditions as to temperature. 
Their figures have no value whatever, particularly in 
view of the fact stated by me several times already, 
viz., that the quantity of oxygen absorbed by a seed is 
not at all in proportion to its apparent development, 
but, on the contrary, undergoes considerable variation, 
depending upon the influence of the external agents 
affecting the phenomenon. According to my observa
tions, this quantity may vary as two to one, or even 
more, in two plants of identically the same weight, but 
placed in different thermic conditions from the com
mencement of their germination to the emerging of the 
rootlet. From this point of view, then, the plant acts 
like a complete organism, its respiratory action being 
accelerated or retarded always, however, within phy
siological limits. like those of an animal under the in
fluence of certain exterior changes." 

Having thus shown that germinating seeds absorb 
more oxygen in the light than in darkness, Pauchon 
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